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Theoretic electron emission at high electric fields reacts strongly 
to the value at which the free-space potential terminates on the emitter 
surface. To indicate this effect, it is traditional to tack the simple 
image potential to the bottom of the bulk-metal conduction band, to talk 
of the implications of the refined model, and to trade its complications 

for the ease of the ordinary image at the mathematic outset. 

\ 

This paper uses a terminated image potential throughout. The parti- 
cular potential resulted from consideration of surface conditions. At the 
metal boundary, several mechanisms collect excess electrons and drive the 
potential up abruptly. However, the surface potential is limited by the 
near -equilibrium assumption and the large number of electrons around the 
Fermi level. 

So for this work, the free-space potential connects to the Fermi 
level at the emitter surface,^- and there the potential drops directly to 
the bottom of the conduction band in a silent tribute to interfacial 
ignorance. This wall and corner combination is a mere mathematic approxi- 
mation for a rapidly but smoothly changing potential. The actual potential 
path is probably similar in severity to the near verticality of the ordinary 
image near the emitter face. Thus, in line wifch previous field emission 
theory, reflections at abrupt changes in potential are neglected. 

■4 1 . M. Propst, Phys . Rev. 129, 7 (1963). 
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Th e ' 0 t r ues turo of "the barrier is sketched in Fig. 1. In this model, 

the conventional image merely shifts to intercept the emitter surface at 

0 

the Fermi level; it is an 0.8 A move for a 4.5-V work function. 

This translation seems negligible, but as it was stated previously, 
image potentials of the nonterminated (NIP = -e 2 /4x) and terminated 
(TIP=-e 2 /[4x + e/cp] ) types differ significantly in their effects at high 
fields . For example, the Schottky equation, 


j NIP = 120 T 2 exp [ ecp - ( e^) 1 / 2 ]/^)} , 


predicts current densitites over 0.1 percent higher than those of the 
zero-order approximation for the TIP expression when E(V/cm) > 2.4 cpT (V - °K). 
The complete TIP equation is 


JTIP = 120 T^ 


ecp 


- (e 5 E) 1//2 + 2^! ecp ' 


KT 


+ & 

4cp 

_ 2 


•* - ♦_£ 


KT 


The zero- and first-order approximations for TIP supra -barrier emission 
differ in current densities by more than 0.1 percent only when 

E > 0.28 4 + X lO -3 ^ 1 ^ 2 X 10 8 (E in V/cm, cp in V, T in °K). 

So the zero-order approximation for emission over the TIP barrier holds 
as well as the potential model itself up to 10® V/cm. However, even before 
these fields are reached tunneling makes the dike pretty leaky. Thus, 
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emission through as well as over the barrier must be considered. 


NIP field-emission functions were published by Burgess, Kroemer, and 
Houston. 2 * Now this paper presents TIP penetration probabilities, and, as 
usu$l, it all begins with the WKB approximations and restrictions.^ 





= exp 9 C(a,E)l(a,&0, 

where f varies slowly and is near .unity, V is electron potential, 
e is kinetic energy of the positive-x-directed component of velocity for 
an electron within the emitter, ft is Planck's constant divided by 2rt, x is 
distance from the emitter surface, xp and x 2 are electron turning points 
(at eV - e = 0), e and m are electron charge and mass, u is Fermi level, 
cp is work function, E is electrostatic field, 

a 2 = e^E/ 3^ , p = p + e<p-e, 5 = (3/(ecp), | = e 6 m 2 /ft 4 . 



t! = eE(x + ^)/p, = 



2 R. E. Burgess, H. Kroemer, and J. M. Houston, Phys. Rev. 90, 515 (1953) 

^D. Bohm, "Quantum Theory," Prentice-Hall, 1961. 
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Of course, at 6=0 for nonzero p. 



which are identical with the NIP expressions. 

Because distance, field, and potential are real and positive, the 
allowed range of a depends on S. This 5 effect limits a to values 
from zero (where I = l) to those indicated in table I. 

However, for e < \x or 6 > 1, x^_ = 0 and = S(a/2) 2 for the TIP case. 

So the definite integral in the TIP penetration probability is, 
for 5 < 1, 
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2 a/2 

Here, y = ^1 - 4(a/2) 2 /[l + (a/2) 2 6] J , k = modulus of the elliptic 
integral = [2r/(Hr)] 1 / 2 , cp = sin -1 ^ + y)/z - (a/2) 2 &/[l + (a/2 ) 2 6 i j/r) 1 ^ 2 , 
and F(cp,k) and E(cp,k) are incomplete (complete when cp = n/2 as for 
S < l) elliptic integrals of the first and second kinds, respectively. 

Values of l(a,S) and C(a,E) are listed in tables II and III. These 
can be used to compute TIP penetration probabilities;^ they can also be 
compared with those for the NIP case, which correspond to l(a,&) at 5 = 0. 
t? Vfhere the NIP and TIP theories apply, they probably bracket real thermal/ 
field-emission . 

In the use of these transmission coefficients, the usual precautions 
must be taken. For example, the distance from the emitter to the outside 
of the potential barrier must never decrease to lengths near the size of 
surface imperfections, and the emission density cannot be a significant 
fraction of the internal electron density. These and other extremes destroy 


£ 

J. F. Morris, "Thermal Emission in Electric Fields," proposed NASA 


Technical Note. 
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the simple emission models; so moderation is the rule for TIP's as well 
as NIP ' s . 
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TABLE II. - C( a ,E) 
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TABLE III. - I ( a ,6) 


(a) 0 < 8 > 1. 


a 


5 


0 

0.1 

0.2 

0.4 

0.6 

0.8 

0.9 

1.0 

0.0000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 
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.98168 

.98206 

.98243 

'. 98319 

.98394 

.98469 

.98507 

.98545 

.2000 

.93704 

. 93855 

.94007 

.94311 

.94615 

.94919 

.95072 

.95224 

.4000 

.78676 

.79496 

.80117 

.81362 

.82611 

.83865 

.84494 

.85126 

.6000 

.57681 

.59110 

.60545 

. 63431 

.66338 
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.70739 

.72216 

0.8000 
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(b) 1 < .8 > "5 


a 
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Fig. 1. Emission barrier for terminated image potential. 
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